Objective Weassessed the usefulness of high-resolution computed tomography (HRCT)and ferritin determinations in bronchoalveolar lavage (BAL) fluid for diagnosis of welder's pneumoconiosis. Patients and Methods Weinvestigated ll patients with welder's pneumoconiosis whowere 34 to 67 years old and had been welding for 17 to 45 years. Ten patients were current smokers. Weperformed chest radiography and HRCT, and measured serum ferritin on all ll patients. Weobtained BALfluid in 9 cases and transbronchial lung biopsy (TBLB) specimens in 7. Ferritin concentrations in BALfluid were compared with those in welders without pneumoconiosis and other pneumoconiosiscases.
Introduction
Welder's pneumoconiosis, which is caused by inhalation of iron oxide fumes, was first described by Doig and McLaughlin (1) in 1936. These authors followed 15 of their original sub-jects for 9 years after initial examination. Opacities in radiographs completely resolved in a welder who left the trade, and opacities partially resolved in another whobecame a welding instructor (2) . Thus iron oxide was generally assumed to be biologically inert (3) (4) (5) because of the disappearance of finely nodular shadowsfrom chest radiographs after removal of patients from occupational exposure. However, several authors (6) (7) (8) (9) have reported evidence of fibrosis in the lungs of welders. In 1988, Funahashi and coworkers (10) studied 10 symptomatic welders. In pulmonary function tests 7 of their patients had restrictive impairment while 2 had mild to moderate airway obstruction. In all cases somedegree of interstitial fibrosis was present, and in 5 the degree of fibrosis was considered moderate to marked. Lungtissue was assayed for elemental content by energy dispersive X-ray analysis. An excessively large amount of iron was present in the lung of welders, but silicon content did not differ from age-matched control subjects. Manyiron-containing particles were seen in fibrotic alveolar septa, suggesting that the fibrosis wasa reaction to these particles. The authors concluded that interstitial pulmonary fibrosis is seen in some welders, and that the cause of fibrosis is not the coexisting silicosis.
From the standpoint of prevention of pulmonary fibrosis, early diagnosis of welder's pneumoconiosis is considered essential. However, the characteristic radiographic abnormalities (5) are usually relatively scant as rated by International Labour Organization (ILO) classification of radiographic findings in pneumoconioses.Therefore, welder's pneumoconiosiscan easily be overlooked if a detailed work history is not obtained.
findings and the usefulness of BALfluid ferritin determinations in diagnosis.
Subjects and Methods
Pa tien ts Weinvestigated clinical features in 1 1 patients with welder' s pneumoconiosis who were 34 to 67 years old (mean age±SD, 57.7±4.4 years) when they were diagnosed between December 1992 and June 1999 at our university hospital. All patients were diagnosed according to the following criteria: employmenthistory as a welder; opacities in chest radiographs of ILO classification category 0/1 or greater; and the histologic and/or cytologic finding of numerous hemosiderin-laden macrophages. Noneof the cases had any evidence of idiopathic pulmonary fibrosis (IPF), collagen vascular disease, hypersensitivity pneumonitis (HP), sarcoidosis, eosinophilic pneumonia, other types of pneumoconiosis, carcinoma, or lymphoma. All patients were men, including 10 current smokers and 1 lifelong nonsmoker. All 1 1 patients underwent chest radiography, HRCT,and blood sampling for serum ferritin. Ten patients underwent pulmonary function tests. Weperformed bronchoscopic examinations on all 1 1 patients, obtaining adequate quantities of BALfluid in 9 and transbronchial lung biopsy (TBLB) specimens in 7. Additionally, 1 patient underwent open lung biopsy for diagnosis of a coexisting "coin lesion". BAL All patients underwent bronchoscopic examination. BAL was performed using a flexible fiberoptic bronchoscope (Olympus BF 1T200; Tokyo) after premedication with atropine (0.75 mg i.m.) and pentazine (15 mg i.m.). The upper respiratory tract was anesthetized using 2% or 4% lidocaine. For lavage, the bronchoscope was wedgedinto the subsegmental bronchus of the right middle lobe. Three 50-ml aliquots of sterile physiologic saline solution were infused. The fluid was immediately recovered using gentle suction after each aliquot was introduced. After the BALfluid was passed through two layers of surgical gauze to eliminate mucus, it was centrifuged at 150x g for 10 minutes, and the cell pellet was resuspended in phosphate-buffered saline. Total cell counts were determined with a hemocytometer. AWright-Giemsastained smear was used to differentiate inflammatory cell types. A differential cell count of macrophages, lymphocytes, neutrophils, eosinophils, and basophils was performed by light microscopy at a magnification of x400 by counting 1,000 cells in random fields. The results were expressed as cells x lO5 per milliliter. Unconcentrated supernatant was frozen at -20°C until the protein content was measured.
Measurement of ferritin in serum and BALfluid
Serum and BALfluid ferritin content were measured by commercially available enzyme-immunoassay kits from SRL laboratory (Hachioji). Ferritin content of BALfluid was compared with findings in the occupational control group. The group consisted of 6 welders without pneumoconiosis (mean age±SD, 54.8±6.7 years) and 7 patients with other pneumoconioses (silicosis or asbestosis; 61.5±6.3 years). All these subjects were current smokers.
Sta tis tics
Correlation between BALfluid and serum ferritin was estimated by calculating a single linear regression coefficient (r), and comparison was madeby Spearman's rank correlation. Differences between welder's pneumoconiosisand welders without pneumoconiosis or patients with other pneumoconioses were assessed using the Mann-Whitney's [/-test. A p value of <0.05 was considered to indicate statistical significance.
Results

Patien t characteristics
The backgrounds of 1 1 welder's pneumoconiosis cases are summarized in Table 1 . The patients (aged 34 to 67 years) had been welding for 17 to 45 years. Ten cases were current smokers, and case 1 had never smoked. Cases 2, 4, and 7 were symptomatic. Cases 3 and 4 had chronic hepatitis. Cases 4, 5, and 9 had nontuberculous mycobacteriosis. showed small centrilobular nodules on HRCT;cases 2, 9, and 10 showed mild fibrotic changes predominantly in the posterior subpleural area; and cases 5, 8, and 9 showed emphysema-tous changes. In pulmonary function tests, cases 2 and 9 showed a reduced forced expiratory volume at 1 second (FEV, ), and case 5 had a reduced FEV, 0 and carbon monoxide diffusing capacity of lung (DLCO). The other 8 cases showed no dysfunction.
HRCTand pulmonary function tests
Illus trative cases Case1
Case 1 was a 34-year-old man with 17 years of welding history. He had never smoked and was found to have abnormal shadowson a chest radiograph obtained during an annual checkup. HRCTof the right lower lung field ( Fig. 1 ) showed small centrilobular nodules. A hematoxylin and eosin-stained TBLBspecimen (Fig. 2) showed numerous hemosiderin-laden macrophages within the alveolar space, associated with fibrous thickening of the alveolar septa. Case 2 was a 60-year-old man with 24 years of welding history. A current smoker, he had a 30 pack-year history of smoking. He complained of a dry cough and showed increasing numbers of abnormal shadows in chest radiograph. HRCT of the right lower lung field ( Fig. 3) showed fine reticular shadows, which appeared to represent fibrotic changes.
Case5
Case 5 was a 60-year-old man with 35 years of welding history. He was the heaviest smoker (75.3 pack years) among the 10 cases. He was found to have increasing numbers of abnormal shadows on chest radiographs during annual checkups. HRCTof the right lower lung field (Fig. 4 ) demonstrated lowattenuation areas compatible with pulmonaryemphysema.
BAL
Results of BALfindings are presented in Table 3 . Wedid not perform BALin case 1. In case 6, we failed to recover sufficient volume of lavage fluid for analysis. In case 2, the differential cell count in BALfluid showed an increased number of neutrophils. Ferritin concentrations in BALfluid exceeded 100 ng/ml except in case 7.
Serum ferritin
Serum ferritin concentration was determined in all 1 1 cases (Table 3 ); in 10 cases it exceeded the upper limit of normal (240 ng/ml). Cases 3 and 4 had liver dysfunction from chronic hepatitis and cases 4, 5, and 8 had infectious lung diseases. The other 7 cases had no knowncause of serum ferritin elevation apart from welder's pneumoconiosis.
Relationship between BALfluid ferritin and serum ferritin
The relationship between BALfluid ferritin and serum ferritin was analyzed. Nosignificant correlation was found between fluid and serum values.
Ferritin in BALfluid in welder's pneumoconiosis and occupational control group
For comparison with data in welder's pneumoconiosiswithout complications (n=5), we determined ferritin in BALfluid in welders without pneumoconiosis (n=6) and patients with other pneumoconiosis (silicosis and asbestosis) (n=7). All patients were menwith current smokinghistory. Ferritin concentrations in BALfluid (Fig. 5 ) in welders with pneumoconiosis (253.0±157.9 ng/ml) were significantly higher than in welders without pneumoconiosis (76.0+68.4 ng/ml) and other pneumoconioses (50.6±27.0 ng/ml) (p<0.05 and p<0.01, respectively).
Discussion
In 1978, Attfield and Ross (13) reported radiologic abnormalities in British electric-arc welders. In their study, chest radiographs in about 7%of 661 arc welders showed small rounded opacities (category 0/1 or greater in the ILO classification). No definite large opacities indicating progressive massive fibrosis were seen. In 1995, Akira (ll) reported that the most commonCTfindings, present in 15 of 21 arc welders studied, were ill-defined micronodules diffusely distributed in the lung. Emphysema was seen in 7 cases and was the predominant CT finding in 3. A honeycomb pattern was found in 3 cases, presenting the predominant CT finding in all 3. The CT appearance of this honeycombpattern resembled that seen in usual interstitial pneumonia (UIP). The present HRCTresults were largely similar to Akira's findings. In our study, small centrilobular nodules were seen on HRCTin 9 of ll cases (81.8%), and we believe that this is the pattern typically seen on HRCTin welder's pneumoconiosis. These micronodules correspond to the pathologic picture of dust macules, which are collections of dust-laden macrophagessurrounding the small airways and vessels (14) . The micronodules on CT including HRCTreflect radiopaque accumulations of iron particles within macrophages.
Emphysematouschanges were also noted in 3 of the present cases (27.3%). Although these patients were smokers, micronodules accompanied the emphysematous changes in cases 8 and 9, alternatively suggesting the type of focal emphysema commonlyseen in coal miners (14) . Fibrotic changes were also found in 3 cases (27.3%). A TBLBspecimen (case tium led to pulmonary fibrosis.
Serumferritin concentrations, ordinarily assayed as a marker of iron stores in the body, can be markedly elevated in welder's pneumoconiosis (15, 16) . Kinoshita and coworkers (15) reported an extremely high serum ferritin concentration, 3,860 ng/ml, in their case. A patient reported by Yamada et al (16) had a serum ferritin concentration of 593 ng/ml. The mechanism of such elevations of serum ferritin is believed to involve phagocytosis of inhaled iron particles by alveolar macrophages. The particles within macrophages presumably are gradually transported from the alveolar space to the interstitium, and from there to the iron storage pool (16) . However,a comprehensive examination of serum ferritin in welder's pneumoconiosis has not been reported so far. In the present study, we examined serum ferritin concentrations in all of our welder's pneumoconiosis cases. Of cancer, infectious diseases, hemochromatosis, and even stress.
Although four of our cases had hepatitis and/or infectious lung diseases, the other 7 cases had no knowncause of serum ferritin elevation apart from welder's pneumoconiosis. Weobtained adequate BALfluid specimens in 9 cases. We therefore decided to additionally measure ferritin in BALfluid. Differential cell counts in BALfluid in welder's pneumoconiosis cases were not different from findings in smokerswithout other knownlung disease or toxic exposure. Ferritin concentrations in BALfluid in welder's pneumoconiosis were significantly higher than in occupational control group. Ferritin concentrations in BALfluid were first reported by McGowan and Henley (17) in 1988. Subsequently, Wesselius and coworkers (1 8-21) have reported investigation of iron metabolism in the lower respiratory tract. The most probable origin of ferritin in BALfluid is moribund alveolar macrophages, since alveolar macrophages do not secrete ferritin actively (17, 19) and release of ferritin by these cells is correlated with that of lactate dehydrogenase, a cell disorption marker. The biologic activity of ferritin in BALfluid is uncertain (22) since, depending on conditions, macrophages in the lower respiratory tract mayeither sequester iron or serve as a source of iron able to catalyze generation of toxic hydroxyl radicals. Possible sources of iron in alveolar macrophages are inhaled iron-rich dust, phagocytosis of moribund cells including erythrocytes, and uptake from the iron-binding proteins transferrin or lactoferrin (22) . Wesselius and colleagues (19) demonstrated an increased ferritin content in BALfluid of both light smokers (76.9 ng/ ml) and heavy smokers (3 1 3.4 ng/ml) compared with nonsmokers (9.9 ng/ml). The source of this increased iron burden in the lower respiratory tract of cigarette smokerswas not conclusively determined, but at least part of it represented alveolar deposition of iron present in cigarette smoke, which may be as much as 1 120 ng of iron per pack. Our data demonstrated elevated ferritin concentrations in BALfluid in welder's pneumoconiosis. Despite somecontribution from smoking, we believe that the results clearly reflect occupational exposure to iron inhalation, and that such measurements may be useful for early diagnosis of welder's pneumoconiosis. No correlation was found bejtween ferritin concentrations in BALfluid and serum. Several possible reasons may account for this. Serum ferritin concentrations may be influenced by systemic conditions. Also, BALfluid ferritin concentrations may be affected by variable recovery of BALfluid after infusion, and in addition mucociliary transport may vary in the lower respiratory tract between individuals. Finally, a time lag may exist between elevation of ferritin in BALfluid and serum. Quantitative animal experimentation is needed for resolution of these issues. Furthermore, no relationship was found between the ferritin concentrations in BALfluid and the severity of welder's pneumoconiosis. The most important reason is the limited numbers of cases. As mentioned before, only 5 cases in which BAL was performed are completely free from any other complications. In order to clarify this question, the accumulation of the cases is essential. In addition, our animal modelsof welder's pneumoconiosis suggest limitation of ferritin synthesis in alveolar macrophages (unpublished data). In certain conditions, the severity of pathologic change does not correlate with ferritin concentrations in BALfluid. In conclusion, we described the clinical features in 1 1 welder's pneumoconiosis cases. Small centrilobular nodules typically were seen on HRCT.Elevation of BALfluid ferritin and/or serum ferritin was highly characteristic. Webelieve that this is the first comprehensive report concerning ferritin content in BALfluid and serum in welder's pneumoconiosis.
